In the present study, we propose a method for the evaluation of different classes of xenobiotic organic compounds enclosed in the municipal landfill leachate using comprehensive two-dimensional gas chromatography coupled with quadrupole mass spectrometry (GCxGC-qMS). Here we show that, due to high peak capacity of comprehensive two-dimensional gas chromatography, in a single run it is possible to separate compounds with different physical-chemical properties (such as aliphatic and aromatic compounds, polyaromatic hydrocarbons, phenols, phthalates, aldehydes, ketones, nitrogen containing compounds, organo-phosphoric flame retardants etc.), compounds which have proved to be endocrine disruptors, compounds that are persistent, bioaccumulative and toxic, carcinogenic, mutagenic, teratogenic, reprotoxic or harmful for the environment. Even though a solvent extraction method has been optimised, the extraction step still remains the main problem for a comprehensive characterization of all classes of organic toxicants enclosed in the municipal landfill leachate.
Introduction
The municipal solid wastes resulting from different human activities constitutes one of the most important problems for society. It is estimated that in different regions of the world, their production varies from 0.5 to 4.5 kg per person per day [1] . Even if at local and international levels specific rules for managing this waste is established, the realities of municipal solid waste management are still far from being solved.
The most common disposal methods of the municipal solid waste are landfills and incinerators [2] . The main problems associated with incinerators are generated by the gaseous emissions of municipal solid waste burning [3] , while the problems of the landfill deposition are generated by the gaseous emissions of volatile organic compounds, airborne particulate matter and leachate [4] . Landfill leachate is generated by the infiltration and percolation of water into and through the waste layers of a landfill site [5] . This water draws out different classes of compounds from wastes, most of them with a high toxicity for the environment and human health.
The basal composition of most leachates is characterized by four groups of pollutants: dissolved organic matter, inorganic salts, metals and xenobiotic organic compounds [6] . From these groups of pollutants, heavy metals and xenobiotic organic compounds are generally classified as hazardous substances [7] .
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The major chemical forms of metals in leachates consist of organic and inorganic complexes and free ions which are predominantly distributed in the truly-dissolved and colloidal fractions [8] . The composition of organic compounds in the municipal landfill leachates is not well known due to the complexity of municipal solid waste, as well as to the biotransformation of organic matter under anaerobic oxidation processes, although some studies showed that more than 200 organic compounds have been identified [5, [9] [10] [11] . The most commonly occurring organic compounds are: hydrocarbons, halogenated compounds, polyaromatic hydrocarbons, phenols, nonylphenol isomers, phthalates, carboxylic acids and esters, ketones, aldehydes, nitrogen containing compounds, perflourinated compounds, pharmaceuticals, sterols etc. [4, 5, [9] [10] [11] [12] [13] [14] [15] [16] .
Due to the complexity of municipal landfill leachates the analysis of xenobiotic organic compounds involves different chromatographic techniques such as gas chromatography (GC) and high performance liquid chromatography (HPLC) coupled with mass spectrometry [5, 12, [14] [15] [16] [17] [18] [19] . Unfortunately these techniques aren't able to differentiate between compounds with similar physical-chemical proprieties a single run, and for a better characterization of the leachate composition more than one analysis is generally necessary.
The aim of this study was to develop a method for the identification, in just a single run, of wide classes of toxicants enclosed in the municipal landfill leachate, using comprehensive two dimensional gas chromatography coupled with quadrupole mass spectrometry (GCxGC-qMS).
Experimental procedure 2.1. Apparatus and reagents
For the purposed experiments a Thermo Trace GCxGC gas chromatograph equipped with a dual CO 2 cryogenic modulator, an Autosampler Triplus 1 and coupled with a quadrupole mass spectrometer model Thermo ISQ (Courtaboeuf, France) was used.
For GCxGC analysis, helium of high purity at a constant flow rate of 1 mL min -1 was used as carrier gas. For the mass spectrometer, the frequency of acquisition was 50 Hz and for data collection total ion current (TIC) MS signal was used, scanning between 50 and 250 m/z, using EI ionization mode. The temperature of the ion source was 200°C, voltage −70 eV and 280°C transfer line. The analyses were performed with a gradient of temperature program. A temperature program of 60ºC slowly heated to 275ºC at 5ºC min -1 with a final hold time of 1 minute was used. One mL of sample was automatically injected in splitless mode. The inlet temperature was set at 280ºC and the modulation period of the cryogenic modulator was 8 seconds.
The acquisition was performed using X-Calibur software and the GCxGC representation was realized using Chrom-Card software.
Identification of compounds of the municipal landfill leachate extract was based on GCxGC retention times using the external standard method for the compounds enclosed in the standard mixture and computer matching of mass spectra with those of standards (NIST (classical) data of GCxGC-MS system) for the unknown compounds.
For the optimization of the GCxGC separation, a mixture containing 45 compounds with different polarity purchased from Merck and Supelco were prepared. The composition of the mixture, as well as some proprieties of tested compounds, is given in Table 1 . This composition was established according to the studied literature which present the most frequent compounds likely to be present in municipal landfill leachate.
Solvent extraction
The extraction efficiency of three different organic solvents (hexane, dichloromethane and diethyl ether) was tested. For this purpose a volume of 400 mL artificial water sample (ultra pure, deionized water obtained with a Millipore system at 18.2 MΩ cm) was spiked with 2 mL of standard mixture. 5 g of NaCl was dissolved in each sample in order to increase the affinity of organic compounds for the organic solvent. Subsequently, the obtained samples were extracted with 15 mL of selected organic solvents in a separating funnel. The mixture was then vigorously shaken for 5 minutes and the aqueous and organic phases were allowed to separate. Next, the organic layer was drained through a cartridge containing 10 g of anhydrous Na 2 SO 4 into a clean flask. The remaining water layer was twice treated with 15 mL of selected organic solvents. Finally, the Na 2 SO 4 cartridge was rinsed with 10 mL of selected organic solvents and then all portions were combined in the flask. The organic solvents were evaporated at approximate 2 mL with a rota-evaporator system. Subsequently, the resultant extracts were evaporated to dryness under nitrogen and the residues were dissolved in 2 mL of organic solvent and analyzed by GCxGC-qMS in the conditions described above.
For the analysis of different classes of toxicants in the municipal landfill leachate, the samples were neutralized at pH 7 with a solution of 0.1 M NaOH and then filtered through a cellulose acetate membrane (0.45 μm porosity) in order to remove the dissolved organic matter. 5 g of NaCl was dissolved in 400 mL of filtered sample and the organic compounds were then extracted three times with 15 mL of dichloromethane in a separating funnel. The organic passes where collected and pre-treated according the protocol described above.
The residue was dissolved in 2 mL of dichloromethane and analysed by GCxGC-qMS. All used solvents were of analytical grade purity.
Results and discussions

GCxGC separation
GCxGC separations of the tested compounds were performed using a conventional phase orthogonal set of columns which consisted in the first dimension of a column with a non-polar stationary phase such as Factor Four VF1-MS (100% dimethylpolysiloxane) 20 m × 0.25 mm ID, ×0.25 µm film thickness (Varian) and in the second dimension (fast separation), a midpolar column of DB-1701 ((14%-Cyanopropyl-phenyl)methylpolysiloxane)) 1.5 m × 0.1 mm ID, 0.1 μm film thickness (Agilent Technologies). This combination of columns provides a good resolution, both for polar and non-polar compounds and a very good distribution of the compounds on the GCxGC chromatogram ( Fig. 1 ).
Optimization of solvent extraction
The extraction efficiency of the selected organic solvents was quantified by the recovery of the spiked compounds after liquid-liquid extraction. For a better quantification of the results, the repeatability of three replicated experiments was checked. The efficiency of the tested solvents as well as the relative standard deviations (RSD) of three replicated experiments are presented in Table 2 .
As can be see in Table 2 , the results of the experiments showed that, for liquid-liquid extraction of tested compounds, the best compromise is dichloromethane, an aprotic polar solvent which is able to provide a good extraction efficiency both for non-polar and for polar compounds, even though for some compounds with high polarity, like phenol and o-toluamide, the recovery was less than 50%. The recoveries for all alkylbenzenes were less than 50% for all solvents, and we believe that these compounds were partially lost by evaporation during the sample preparation.
For the non polar solvent (hexane), good recoveries were obtained for non-polar compounds like hydrocarbons and poly-aromatic hydrocarbons, whereas for the polar compounds like phenols and amides the recoveries were less than 20%.
In the case of diethyl ether, the extraction efficiencies were between 0 and 86%. It was also observed that liquid-liquid extraction with diethyl ether gave a poorer repeatability, mostly for polar compounds (the values of RSD exceeding 15%) and this could be a consequence of poor extraction efficiency for these compounds. For the most polar tested compound (benzamide), it can not be extracted with any of the solvents due to its high polarity.
Analysis of different classes of toxicants in municipal landfill leachate
The developed extraction and separation methods were applied for the analysis of different classes of organic compounds in a real sample of municipal landfill leachate. For this purpose, 400 mL of a municipal landfill leachate was extracted, following the protocol described above, and analyzed by GCxGC-qMS. As can be seen in Fig. 2 , the municipal landfill leachate contains a huge number of organic compounds which are difficult to separate in a single run using a conventional GC method. Taking into consideration that in comprehensive twodimensional gas chromatography the compounds are well organised on the GCxGC chromatogram according to their polarity and volatility, using this technique it is also possible to estimate the type of the organic compounds enclosed in the municipal landfill leachate. 
Concentration in mixture (µg mL -1 )
Development of a screening method for the determination of xenobiotic organic pollutants in municipal landfill leachate using solvent extraction and comprehensive GCxGC-qMS analysis Development of a screening method for the determination of xenobiotic organic pollutants in municipal landfill leachate using solvent extraction and comprehensive GCxGC-qMS analysis Thus, it can be observed that in the analyzed sample, the most predominant compounds are non-polar compounds such as hydrocarbons and alkylbenzenes, and compounds with low or medium polarity such as poly-aromatic hydrocarbons, esters, aldehydes, ketones and phthalates. Other classes of polar compounds such as amines, amides or phenols were also identified. The identified compounds in the municipal landfill leachate and their classification according to their toxicity are given in Table 3 .
As can be seen in Table 3 , the analysed municipal landfill leachate sample contained wide classes of toxicants, most of them being listed on Reach SinList. Thus, in the analyzed sample, compounds classified as endocrine disruptors; persistent, bioaccumulative and toxic; carcinogenic, mutagenic, teratogenic, reprotoxic or harmful for the environment, were identified.
Coupling GCxGC technique with quadrupole mass spectrometry gave the possibility to identify other compounds which were not included in standard mixture such as different phthalates, phenols, thioamides, organo-phosphoric flame retardants etc. The identified compounds, according to the mass spectra, are presented in Table 4 .
Unfortunately, halogenated compounds such as dioxins and polychlorinated biphenyls (PCB) have not been identified and this could be a consequence of the mass spectrometer detection limit. Usually, for the analysis of halogenated compounds it is necessary to use more specific and sensitive detectors. In this way, GCxGC coupled with a micro-ECD or TOF MS detector could be a good alternative.
Conclusions
Municipal landfill leachate is a very complex matrix which contains a wide variety of organic compounds with different physical-chemical properties. Comprehensive GCxGC-qMS seems to be a suitable method for analysis, in single run, of different classes of toxicants Development of a screening method for the determination of xenobiotic organic pollutants in municipal landfill leachate using solvent extraction and comprehensive GCxGC-qMS analysis 2(3H)-Benzothiazolone
86.05
Benzamide,N,N-diethyl-4methyl
77.81
Acetamide N-(4aminophenyl)-N-methyl
45.22
Piperidine 1-acetyl 65.57
4-Methylamino-5-aminofluorene
75.22
Continued Tabel 4. The compounds identified according mass spectra.
Compounds name/ Molecular formula
Identified compound mass spectrum/ mass spectrum from NIST library Probability enclosed in municipal landfill leachate and to shorten the time spent for their characterization. Having a good overview over the main classes of compounds enclosed in the municipal landfill leachate, it is possible to establish the provenience of these compounds and to establish the most suitable technique for their treatment.
Even though the halogenated compounds such as dioxins and PCB can't be detected due to the mass spectrometer limit of detection, the developed method could be used as a screening method for characterization of different classes of organic toxicants enclosed in municipal landfill leachates. The main problem remains the extraction step which should be selected for compounds with a wide range of polarity.
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